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Tiu prob lem c~ s t c i b i l l r a t / u x /  and c o n t ru l  of n c / n h l n e a r  stocnas~ic

sy s tems  obse rved  by r o i sv  m e a s u r e m e n t  data a r i s e s  in m a ny

Force sy stem app lica t ions,  inherent  in this problem is the prob 1en~
of process ing noise-contaminated measu remen t  data to obtain a c c u r a t e

est ima tes of the state of the sy st em . if it is possible to es t imate  t : e

state of the sys tem accura te~v , then we l l -known cl a ss i c ai  de tcrm1n ~st 1~
contro l techn i que s may of ten be used to g ive adequate  sys t em p e r f o r m a n c e .

Thi s approach will g rea t ly  reduce the comp lexity of tt~c con t ro l  a l g o r i t hn

over that r equired by a t ruly 1 optirnal” stoc hast ic  con t ro l  pcdi c v .  Or.

the other hand , the use  c f  r e cen t ly  developed  f i l t e r in ~ t echn iques  in

place of the simp ler linear ized or extended Kalman f i l t e r s  can g rea t l y

increase the accuracy of the state es t imates  anu;  t he reb y,  im pr ove

system performance and alleviate d ive rgence  problems.

A straightforward approach to the stochastic control problem

would be to use the recent research results giving approximate a

pos terior i  densities in conjunction with the principle of optimality in

order to solve the optimal control problem using the well known s tochast ic

dynamic programming equations. Preliminary studies of this approach

show two things. First, even for very si,rnple systems in which it is

possible to obtain tractable approximate densities, it is very diff icul t

to obtain solutions for even approximate controls in thi s manner.

Secondly, even though the c ontrol algorithm s developed can in no way

be considered practical  because of the extensive calculat ion s involved ,

they can lead to greatly reduced cost even for very  simple problems.

This second factor does make the continued investigation of the sto-

chast ic  control problem in te res t ing ,  but the f i r s t  indicates another

approach should be used.

The approach taken in this contract has been to inves t iga te

the effect of a l read y deve loped nonl inear  f i l t e r s  in t l i t  feedback
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lo - ps of n on l i n ’. ar  sl o c n a st i c  control  sys tems to be fol lowed ov O~~/ :n~~

or n ea r ly  optima l d e ter m i n i s t i c  con t ro l s .  This in effect can force

the separate structure of the linear quadratic Gaussian problem on t~~k C

more general nonlinear stochastic control prob l em , but will ma~~e u~

of the la tes t  developments in the field on nonlinear estimation. 11; 
•1

particular , nonlinear  measurements  of basical ly l i nea r  sy s t e m s  ~vi1i

~e investigated since the cost of transducers often increases markedly

from the linearity constraint, it may be that the cost of a small co--iputer

in a control loop could be completely saved b y a reduc t ion  in toe ost

of the transducers required.

Work on this contract has allowed continued investi gation into

the development and use of nonlinear filters in c onjunction with deter-

ministic control laws. Much of the detail on the work performed

unde r Contract AFOSR-F44620-75-C-U023 is contained in the publica-

t ions lis ted below , which have been published , accepted or submitted

since the beginning of this contract .

( 1)  Aispach , D. L., “A Discussion of the Relat ionships Between
the Dua l Goals of Stochastic Control , “ invited chapter  in forth-
coming book Nonlinear Estimation and Fi l ter ing Th eor : A
Status Review, edited by E. Stear to be published by
Marcel  Dekker , in preparation.

(2 )  Alspach , D. L.,  “A Discussion of the Relat ionships Between
the Dual Goals of Stochastic Control ,” An International Journal
of Computers and Electrical Engineering, Vol. 4, No. 1 ,
January 1977.

(3) Aispach , D. L .,  “A Stochastic Regulator U sing a Cer ta inty
Equival ence Control with a Nonlinear  Filter for P r o c e s s i n g
Hard-Limi ted  Data , “ Accepted for publicat ion in In format ion
Sciences.

(4) Scharf , L. L. and D. L. Aispach , ‘ Nonl inear  State Es t imat ion
in Observation Noise of Unknown Covariance , ” Proceedings
of the 1°7e Joint Au toma t i c  Control Confe rence  ( W e st  La
Fayette , Indiana , Jul y 27 -30 , 11176) . Also accep te d  f ’r
publicat ion in the In te rna t ional  Journa l  of Control .
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Als pac }~. D. L. , “ N o n lin e a r  F i l t e r s  in F e e du a ck  Cont ro l ,
P roceed in~~s of the S ix th  Sympo s ium on N on l~ n c a r  E s tim at i ’~a
Theory  and its App i ica tions ,  San Diego , Ca i l i r n i a  ~Sept .  1~~7 5 , .

Alspach , D. L. , “A Certainty Equivalence Control  w:t~ a Non-
l inear  F i l t e r  in the Feedback Loop, ” P roceed ings  of toe l~~75
IEEE Sym posium on Dec i s ion  and Control .  H o u s t o n .  Texa E
(December 10-12 , 1973i .

( 7 i  Aispach, D.L. . “A Stochastic Control Algori thm fo r  Sys tems
with Control Dependent Plant and Measurement  N oise , “ An
International Journal of Computers  and Electr ical  Engineer :n~
Vol. 2 , No. 4, November 1975.

(8)  Aispach , D .L . , “A Gaussian Sum Approach to the  Mu l t i ta r ~~et
Ident i f icat ion-Tracking Probl em , “ Automati Ca, V ol. 11,
pp. 285-296 (August i°75).

Only a brief outline of the work contained in the  abo~’c

publications is given here.  A summary/review paper is being

prepared as an invited chapter of a text on nonlinear est imat ion.

edi ted by Dr. E. Stear. The paper is entitled “Approximate

Solutions of the Nonlinear Filtering Equations ” and the book will be

entitled “Nonlinear Estimation and Filtering Theory: A Status Review. ’
‘
1 

The work done on the contract to date including that in the publications

above will be summarized in some detail in this review chapter ,

as well as work by other workers  in the field.

A general philosophical approach to stochastic control is

discussed in (2) above. The method of ali gning the “dual ” goals of

the general optimal stochastic control as a design tool is discussed.

When the two goal s are  exactly aligned , the certainty equivalence

control is optimal and no additional intentional “probing ” is requ i re d.

If these goals are “anti-aligned, ” demanding opposing controls , the

certainty equivalence control can be , locally at least , the worst

control possible. An example with thi s charac te r i s t i c  has been dis-

cussed in publication (2).
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in p u b l i c a t io n  ( 3  we c o n s i d e r  a s imple exampl e of a n o n l i r i t :~~

f i l t e r  in a f ee d b a c k  loop.  For th is  case  the  ‘ dual  E ’U~~ls  r e  an L ! n e a

and it is shown that the performance of the system is v e ry  c lose  to  t o a t

an optimal stochastic control. Since the optimal stochastic contro~
algor:thm is very difficult to calculate , this is done by compar~n~ t~~ e

performance to a known lower b o u n d .  ThLs l o w e r  bound is found ~r .

the following manner. it is clear that there is more information about

the state in a linear measu remen t  of the s tate contaminated by noise

z1 jk) than in the hard-limited version y ( k y :
‘F~~.

Z
LIN

( k )  = H
k

x
k

~H L~~~ 
S I G N ( z

LIN (k)) = S1GN(H
k

x
k 

+

Wit h the l inear  measurement  function , the optimal stochastic control

is g iven by the separat ion theorem. It is clear that the perfo rmance

of the optimal stochastic control system with only the hard-limited

funct ion YHL (k)  available will be worse than the system with the

l inear  func t ion zLIN (k).  it is shown in publication (3) that given onl y

the performance ol the cer ta in ty  equivalence control with

a nonlinear fil ter is close to that of the optimal control system with

the better  l inear measurement .  I

’

In pu blica t ion ( 4 ), a new non linear fil ter was developed in con-

junction with Dr. L. Scharf of Colorado State Univers i ty . Thi s paper

considers  the adaptive Kalman fi l tering probl em where  onl y the

measurement  noise covariance is unknown . A new parallel filter-

ing al gor i thm is developed. It is one of severa l  nonl inear  f i l te rs  that
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~. i i i  be used in c on iu n , i n n w i t h  c e r t a i n t e  t ’ cu i \ ’ a l e n C c  con t ro l s  in the

n e x t  n h a s e  of t h i s  s t u dy .

In publication ( 5 ) ,  the effect  of control-dependent  plant and

measurement  no i se  on the feedback control  is d i scussed .  it is

shown that the  goals a r c  e f f e c t i v e ly  a l i gn e d ,  but not  of the  sam e

m ag n it u d e .  The use  of any control  a c t i o n  r e d u c e s  the  a c c u r a cy  of

the s ta te  es t imates .  Thu s , the e f f e c t  of such c o n t r o l - d e p e nd e n t

no ise  is to induce ‘ caution ’ on t h e  c o n t ru i .

in publication ( 6 ) ,  the f i l t e r  fo r  pr o c e s s i n g  h a r d - l i m i t e d

measu remen t  data was f i r s t  i n t r o d u c e d,  in Publication ( 7 ) ,  a

f i l te r  f o r  state estimation in sy s t ems  with state and cont ro l -dependent

measurement  noise  was introduced,  in publication ( 8 ) ,  Gauss ian  sum

fi l te rs  are  used  in a Bayes ian  approach to the mul t it a rge t  t r ack ing

problem.
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